Livingston WS, Rusch HL, Nersesian PV, Baxter T, Mysliwiec V and Gill JM (2015) Study objectives: Sleep disturbances are common in military personnel and are associated with increased risk for psychiatric morbidity, including posttraumatic stress disorder (PTSD) and depression, as well as inflammation. Improved sleep quality is linked to reductions in inflammatory bio-markers; however, the underlying mechanisms remain elusive.
Introduction
Military personnel are often exposed to stressful conditions and erratic sleep schedules during deployment, thereby increasing their risk of developing a sleep disorder, most notably insomnia (1, 2) . Deployment also increases the risk for psychiatric morbidity, including symptoms of posttraumatic stress disorder (PTSD) and depression, which are often comorbid with insomnia (1, (3) (4) (5) . Insomnia is the most common symptom for referral in military personnel returning from deployment in Operation Enduring Freedom and Operation Iraqi Freedom (3) . Not only is insomnia common but it also results in substantial costs to the individual and society. In the United States, total costs in productivity loss for chronic insomnia (e.g., employment disruption, insomniarelated accidents) are estimated to be between $77 and $92 million each year (6) and total annual costs are estimated to be beyond $100 billion (7) . In addition, more than half of military personnel with sleep disturbances present with at least one other medical comorbidity, and those with insomnia are two times more likely to have PTSD (8) . Therefore, there is a complex interplay between sleep quality and maintenance of physical and psychiatric health in military personnel, which likely has underlying biological foundations.
Recent studies have begun to determine the relationship of sleep to psychiatric morbidity in those who are under extreme stress (9) . For example, pre-deployment sleep disturbance is linked to the onset of depression and PTSD following deployment (10) . PTSD includes the symptom of nightmares, which is highly related to insomnia onset and non-remittance (11) . Depression also includes symptoms of insomnia including difficulty falling or staying asleep, and these sleep disturbances often do not remit with standard of care treatment for depression (12) . Therefore, current studies suggest that there is a shared vulnerability among PTSD, depression, and insomnia, and that these symptoms are often highly related in military personnel who deploy. Seeking care for sleep is often less stigmatizing than mental health care, resulting in military personnel seeking care for insomnia at almost five times the rate as mental health care (13, 14) . Therefore, a better understanding of the underlying shared vulnerability of PTSD, depression and insomnia symptoms following deployment may inform interventions to address these comorbidities.
Sleep disturbance, PTSD, and depression are all associated with higher concentrations of inflammatory bio-markers, as well as a greater risk for inflammatory-related morbidities including: metabolic syndrome, cardiovascular disease, obesity, and type II Abbreviations: BMI, body mass index; CBT, cognitive behavioral therapy; CCL4, chemokine (C-C motif) ligand 4; CRP, C-reactive protein; CTNNβ1, catenin (cadherin-associated protein), beta 1, 88 kDa; FDR, false discovery rate; GC, GeneChip; IL-1β, interleukin 1 beta; IL-6, interleukin 6; IL-8, interleukin 8; IL-13, interleukin 13; IPA, ingenuity pathway analysis; NFATC2, nuclear factor of activated T-cells; OSA, obstructive sleep apnea; PCL-M, posttraumatic stress disorder checklist-military version; PDK4, pyruvate dehydrogenase kinase, isozyme 4; PKS, polyketide synthase; PSQI, the Pittsburg sleep quality index; PTSD, posttraumatic stress disorder; QIDS, quick inventory of depressive symptomatology; REML, restricted maximum likelihood; RIN, RNA integrity numbers; RMA, robust multiarray average; TLR1, toll-like receptor 1; TLR4, toll-like receptor 4; TLR7, toll-like receptor 7; TLR8, toll-like receptor 8; TNF, tumor necrosis factor; UBC, ubiquitin.
diabetes (15) (16) (17) . Even short-term reductions in sleep duration in healthy participants increases inflammatory cytokine production, including interleukin-6 (IL-6) (18) (19) (20) . Chronic insomnia (21) , as well as PTSD and depression are associated with increased concentrations of inflammatory cytokines (22) . We previously reported that PTSD, depression, and insomnia in military personnel are associated with higher concentrations of inflammatory proteins including C-reactive protein (CRP) (23) , and that improved sleep resulted in reductions in inflammation (24) . Although these findings support the relationship between sleep and inflammation, the underlying molecular mechanisms of changes in inflammation following sleep improvement remain elusive (2) . Gene-expression changes lead to differential protein activity in general; however, there are many other mechanisms that can contribute to the regulation of protein production, and availability, including epigenetic modifications. Therefore, gene-expression changes are one of the first investigations that can explain molecular mechanisms related to proteomic activity changes, and provide novel insights into complex interrelationships among gene-regulatory mechanisms.
Examination of gene-expression profiles provides insight into how altered gene-activity relates to stress exposure and symptoms. Expression of a gene can increase or decrease and is the initial step to producing proteins that communicate cell function changes, including those active in the immune response system. Combatrelated stressors, such as irregular work schedules, traumatic brain injuries, and other life threatening events, are linked to greater concentrations of inflammatory proteins, which are likely a result of gene-expression changes (25) . Peripheral blood gene expression is comparable to post-mortem expression in more than 60% of genes, providing a minimally invasive method to investigate gene expression changes in living individuals (26, 27) . Peripheral blood has been used to determine that reductions in the expression of circadian rhythm genes, including Clock, brain and muscle Arntlike protein 1, and Period1, are implicated in symptoms of depression (28) . PTSD is also linked to altered gene expression, including reductions in the expression of immune-regulating genes (29) ; however, the role of sleep and depression were not determined. Identification of inflammatory gene-expression changes related to sleep disturbance might allow for an understanding of the impact of insomnia on other systems and may inform development of targeted interventions to help prevent the development of comorbid disorders and inflammation.
To investigate this critical issue, we used an observational study of military personnel following deployment to determine global gene-expression changes related to improved sleep following 3 months of standard of care treatment. These findings may provide the insight needed to understand relationships between sleep, gene regulation of inflammation, and mental health.
Materials and Methods

Study Design
This investigation is part of a large ongoing study of U.S. military personnel attending for an initial evaluation of sleep disturbance at the Madigan Army Medical Center Sleep Medicine Clinic in Tacoma, WA, USA. The institutional review board at Madigan Army Medical Center approved the study, and informed consent was obtained from each participant (5) . Sixty-eight participants met the study's inclusion criteria for a sleep diagnosis and completed both pre-and post-treatment assessments; they are included in this analysis. Study participants who met the inclusion criteria were active-duty military personnel who deployed within the previous 18 months with a current diagnosis of insomnia or comorbid insomnia with obstructive sleep apnea (OSA), as previously described (5) . Participants were excluded from the study if they had a recent history of drug or alcohol abuse or current diagnosis of bipolar disorder, schizophrenia, or other psychotic disorder. Symptoms related to sleep quality, depression, and PTSD were evaluated through validated instruments at pre-treatment and post-treatment. Participants were classified into one of two groups (improved sleep or non-improved sleep) based on changes in sleep quality from pre-to post-treatment. Both groups were compared on gene-expression changes in inflammatory genes, as well as changes in symptoms of PTSD and depression.
Assessment and Treatment of Insomnia and OSA
All participants underwent a clinical evaluation and overnight polysomnography as part of a sleep medicine evaluation using standardized techniques previously reported (5) . Depending on their sleep disorder diagnosis, patients were then assigned to a standard of care treatment group. Those with an insomnia diagnosis received 3 months of sleep-focused cognitive behavioral treatment for insomnia (CBT-i), which included aspects of cognitive therapy, stimulus control, sleep restriction, sleep practice (hygiene) education, and time monitoring behavior. Participants diagnosed with comorbid insomnia and OSA received either sleep education or 3 months of CBT-i for their insomnia, and autotitrating positive airway pressure therapy (APAP) for their OSA. A psychologist certified in behavioral sleep medicine or a sleep medicine physician with expertise in CBT-I administered and oversaw all treatments.
Defining Improved Sleep
The Pittsburgh sleep quality index (PSQI) was administered to assess participants' sleep quality and sleep dysfunction over the previous month. This self-report questionnaire has strong diagnostic sensitivity in differentiating good and poor sleepers. Based on a scale of 0 (healthy sleep quality) to 21 (unhealthy sleep quality), a cut-off score of more than 5 is consistent with an insomnia diagnosis (30) and is both reliable (Cronbach's α = 0.83) and valid (κ = 0.75, p < 0.001). For analysis purposes, participants with a reduction in their PSQI score from pre-to post-treatment were assigned to the improved sleep group (n = 46). Meanwhile, participants with an increase or no change in PSQI score from preto post-treatment were assigned to the non-improved sleep group (n = 22).
Assessment of PTSD and Depression
Symptoms of depression were measured using the quick inventory of depressive symptomatology (QIDS). This 16-item inventory has a total possible score range from 0 (lowest severity) to 27 (highest severity). A score of 11, which indicates a moderate severity of depression, was used as the diagnosis cut-off (31) . The PTSD checklist-military version (PCL-M) was used to determine symptoms of PTSD (32) . A total possible score ranges from 17 (lowest severity) to 85 (highest severity). A total score of 50 and above resulted in a positive PTSD diagnostic screen. The PCL is both reliable and valid compared to the gold standard of the Structured Clinical Interview for DSM-III-R (33).
mRNA Acquisition, Quantitation, and Hybridization
Blood samples were collected in PAXgene blood RNA tubes and processed with PAXgene™ Blood RNA Kits (PreAnalytiX, Qiagen) for RNA extraction. Quality and quantity of extracted RNA were evaluated with the NanoDrop DN-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA) and the Agilent Bioanalyzer 2100 eukaryotic total RNA Nano assay (Agilent Technologies, Inc., Santa Clara, CA, USA). The 260/280 ratio ranged from 2.03 to 2.34 and the RNA integrity numbers (RIN) were >7.0 in all samples. According to standards (34) a RIN of 6.0 or greater is indicative of admissible quality, and no samples were excluded based on this criterion. Using the GeneChip (GC) 3 ′ IVT Plus Expression kit, each RNA (100 ng) sample was reverse transcribed, converted to biotinylated cRNA, and hybridized to Affymetrix HG-U133 Plus 2.0 microarrays (Affymetrix, Santa Clara, CA, USA), which contain 54,675 probe-sets representing more than 38,500 specific genes. After staining with streptavidin-phycoerythrin and thorough washing, the raw data were obtained by laser scanning imaging. All assays were undertaken based on standard Affymetrix protocols.
Statistical Analysis
Partek Genomics Suite software, version 6.6 (Partek Inc., St. Louis, MO, USA), was used for all analytic procedures performed on microarray data. Interrogating probes were imported, and corrections for background signal were applied using the robust multiarray average (RMA) method, with additional corrections applied for the GC-content of probes. The probe-sets were standardized using quantile normalization, and expression levels of each probe underwent log-2 transformation to yield distributions of data that more closely approximated normality.
Parameters for identifying differentially expressed genes over time were then identified using analysis of variance (ANOVA) of each probe set's expression level as a function of time: pretreatment compared to post-treatment while adjusting for batch effect. A repeated measures comparison was made in each group. Restricted maximum likelihood (REML) method was employed to fit the fixed and random effects of the design separately. Significant differentially expressed gene lists were generated based on criteria of 1.5-fold (up or down) change magnitude and a pvalue corrected for multiple comparisons using a false discovery rate (FDR) <0.05, for each group. Two-tailed chi-square tests and independent t-tests were used to investigate any pre-treatment group differences that might affect the main analysis. Fisher's exact tests were used when expected cell counts were <5. The main analysis investigated the relationship between sleep quality improvements or declines and symptoms of PTSD and depression, and gene expression changes following 3 months of sleep treatment. Separate paired t-tests were used to examine changes in outcome variables from preto post-treatment for both groups. Independent t-tests were used to examine between-group differences on outcome variables. The confidence level was set at p = 0.05 for all analyses.
QIAGEN's Ingenuity Pathway Analysis (IPA, QIAGEN Redwood City, www.qiagen.com/ingenuity) was used to determine which diseases and disorders related to observed gene-expression changes, as well as top-gene networks implicated in these geneexpression changes.
Results
Demographics and Clinical Characteristics
The demographic, military, and clinical characteristics of the 68 participants are described in Table 1 . As a whole, the sample was primarily male (97%) and Caucasian (62%) with a mean age of 33.8 years (7.8 SD) and 13.8 years (1.8 SD) of education. At pre-treatment, 47% of participants scored positive for depression and 28% scored positive for PTSD. Current use of relevant medications was reported by 40% of the participants. They include antidepressants (28%), pain medications (18%), benzodiazepines (6%), non-benzodiazepines (6%), and the alphablocker, prazosin (4%). At pre-treatment, all participants reported a score of at least six on the PSQI, which is a valid indication of poor sleep. There were no between-group differences in demographic variables [i.e., age, gender, race, education, body mass index (BMI), medication use, and military characteristics] with the exception of military rank, for which higher level ranks were more prevalent in the improved sleep group (p = 0.015). The prevalence of insomnia, OSA, traumatic brain injury (TBI), depression, and PTSD diagnoses were comparable between groups at baseline and both groups were characterized with high rates of these comorbid symptoms. There was no difference in treatment assignment, either CBT or APAP, between the improved sleep and non-improved sleep groups. The mean score in the PSQI was significantly different, with the improved sleep group having a mean score change of −4.8, whereas the nonimproved group had an increase of 2.8 on the PSQI, p < 0.01 (see Table 2 ).
Psychological Symptom Change
Sleep quality, depression, and PTSD outcomes were assessed before and after 3 months of sleep treatment. Table 2 
Gene-Expression Profiles
The microarray data revealed that 217 coding genes ( Table 3) were differentially expressed at the follow-up-period compared to baseline in the participants who improved in sleep. Of these 217 genes, 113 genes were down-regulated ( Table 4 ) and 104 were upregulated ( Table 5) . None of these genes changed significantly in the non-improved sleep group. Expression of inflammatory cytokines were substantially reduced in the improved sleep group, including interleukin 1 beta (IL-1β), interleukin 6 (IL-6), interleukin 8 (IL-8), and interleukin 13 (IL-13), with fold changes ranging from −3.19 to −2.10. We also report significant reductions in chemokine genes including chemokine (C-C motif) ligand 4 (CCL4), which was the most substantially reduced gene, with a fold change of −3.39, as well as chemokine (C-C motif) ligand 3 (CCL3), and chemokine (C-C motif) ligand 5 (CCL5), with fold-changes of −3.00 and −2.97, respectively, in the improved sleep group.
Genes with increases in expression in the improved sleep group were predominately inflammatory regulatory genes including tolllike receptors 4 and 8 (TLR4 and TLR8), with a 2.66-and 2.62-fold change, respectively, as well as toll-like receptors 7 and 1 (TLR7 and TLR1), with fold changes of 2.6 and 1.9, respectively. Stress-related genes of cytochrome P450, family 1, subfamily B, polypeptide 1 (CYP1B1), FKBP506 binding protein (FKBP506), and FK506 binding protein 15, 133 kDa (FKBP15) exhibited fold changes >2.0. The pyruvate dehydrogenase kinase, isozyme 4 genes had the greatest increase in expression, with a fold change of 3.12.
The IPA report shows conical pathways were altered and related to improved sleep. The pathways include the inflammatory response, infectious disease, inflammatory disease, and organismal injury and abnormalities. There were six significant genenetworks identified, the scores of which are reported in Table 6 . Networks 1 and 2 are provided in Figures 1 and 2 , and the remaining Figures S1-S4 are provided in the Supplementary Material. With the exception of the third IPA network, the other five contained genes above a fold change of 2 in the networks reported. Network 1 includes genes related to cellular development and tissue disorders, and has a score of 29. In this network, there are three main hubs: Catenin (cadherin-associated protein), beta 1, 88 kDa (CTNNβ1), toll-like receptors (TLR), and interleukin 2 (IL-2), as well as minor hubs of ubiquitin (UBC), polyketide synthase (PKS), and nuclear factor of activated T-cells 2 (NFATC2). Network 2 has a score of 23, and includes genes related to cancer, and tissue and developmental disorders. This network has a primary hub of UBC, which is related to an increase in expression of FKBP15 and ATPase, H+ transporting, lysosomal 70 kDa, and V1 subunit A (ATP6V1A), and reductions in the expression of TSEN54 tRNA splicing endonuclease and megalencephalic leukoencephalopathy with subcortical cysts 1.
Discussion
The primary aim of the current study is to examine the relationship between changes in self-reported sleep quality and changes in expression of inflammatory genes and symptoms of depression and PTSD following 3 months of sleep treatment in military personnel with insomnia and comorbid psychiatric disorders. At post-treatment, participants with improved sleep have significantly reduced depression symptoms and changes in gene expression, which most notably reflect reductions in inflammatory cytokine genes. These novel findings provide unique insights into our previous findings, which indicated improved sleep quality is associated with reductions in concentrations of CRP and improvements in health-related quality of life in military personnel (23) . These results suggest that sleep-focused treatments effectively reduce inflammatory gene activity, and may attenuate the risk for inflammatory-related morbidity in this population.
Specifically, we report that gene activity is reduced in 113 genes following improved sleep, including significant reductions in the expression of the following inflammatory cytokine genes: CCL4, IL-1β, tumor necrosis factor (TNF), IL-6, and IL-13 ( Table 4) . Elevated concentrations of IL-6 have been associated with symptoms of insomnia, PTSD, and depression (22, 35) . The reduction in IL-6 secretion has significant ramifications as IL-6 has a pertinent role in the inflammatory response, including initiation of the acute-phase response and increasing metabolic risks as well as vascular plaque formation (36) . Peripherally, IL-6 activates the production of inflammatory cytokines by initiating intracellular signaling with TLR (37) . IL-6 is linked to substantial morbidity risks through arterial plaque formation, which can lead to cardiovascular disease and risks, high BMI, chronic pain, and an elevated risk for diabetes (38) (39) (40) (41) (42) . Therefore, our findings suggest that improved sleep quality plays an important role in decreasing inflammation through gene-expression networks, which may also have a health-promoting role over time.
IL-6 also crosses the blood-brain barrier and contributes to central inflammation, and higher activity can contribute to mood alterations including symptoms of depression and anxiety (36) . Here, we report depression symptoms decrease following improved sleep, and there is a trend for decreases in PTSD symptoms. Prior studies link inflammation to the onset of depressive symptoms, suggesting a complex bi-directional relationship that contributes to mental well-being (43, 44) . Higher concentrations of IL-6 as well as increased gene-activity are established bio-markers for depression (45) , yet, less is known about the inflammatory mechanisms that result from the interaction of insomnia and depression, and the resolution of symptoms. Previously, we reported that depression and insomnia in military personnel are associated with higher concentrations of CRP (23) , and that improved sleep reduces inflammation (24) . Here, we extend these findings by linking gene expression to sleep improvement and reduction in depression symptoms. In addition, we report a significant reduction in the expression of the CCL4 gene, which was reduced by −3.39 fold in the improved sleep group. CCL4 is an initiator of the inflammatory processes, suggesting inflammatory pathways are reduced in activity following sleep restoration and reduction in depression symptoms. Greater CCL4 activity is linked to major depressive disorder in both adolescents and adults (46, 47) ; however, it is not clear if the activity of this gene or other inflammatory initiating genes change following sleep improvement and mood change. Therefore, our findings of reductions in CCL4 following sleep improvement are novel and provide some initial insights into complex relationships among genes that regulate inflammation, sleep, and mood. The current study also found a significant increase in the expression of 104 genes, with most being related to the regulation of inflammatory activity ( Table 5) . Of these up-regulated genes, the highest fold change is in pyruvate dehydrogenase kinase, isozyme 4 (PDK4), with a 3.12-fold change in the improved sleep group. This gene is of interest as it is located in the matrix of the mitochondria. PDK4 reduces the conversion of pyruvate, which is produced from the oxidation of glucose and amino acids, to acetyl-CoA. It also contributes to the regulation of glucose metabolism and has ramifications for overall health and morbidity. PDK4 has not been previously linked to sleep disturbance or mood. Here, we report that this gene increases expression in the context of reduced expression of genes that influence inflammation and contribute significantly to metabolic risk. Exercise alters the activity of PDK4, which relates to reductions in IL-6 activity, suggesting that PDK4 is involved in metabolic processes that are important to maintaining health (48) . PDK4 is also implicated in the maintenance of body weight during periods of fasting, as it is required to maximize glucose metabolism; however, when animals are exposed to high-caloric diets that are unrestricted, PDK4 increases in expression (49) . Therefore, PDK4 has complex relations to comorbid conditions of type 2 diabetes, cardiovascular disease, and other conditions that are common in military personnel and impact their morbidity. For these reasons, additional studies are needed to determine how this gene relates to sleep and mood, as well as morbidity risk in future studies.
In this study, we report two main gene-networks that are implicated in sleep improvement. The first involves the key regulator CTNNβ1, a gene that relates to the activity of both IL-2 and TLR4, as well as ubiquitin genes (Figure 1) . The CTNNβ1 is most often implicated in vulnerability to and recovery from cancer (50) (51) (52) ; however, the role of this gene in sleep quality
has not yet been determined. This gene encodes for the β-catenin protein, which regulates cell development and adhesion between cells, in turn creating and preserving epithelial cell layers, which is related to inflammatory gene activity. Activation of the Wnt signaling pathway, which is a pertinent system for cell-to-cell communications and which becomes activated during inflammatory responses, is essential in maintaining immune function system balance between inflammatory and anti-inflammatory activities. The result is increased concentrations of the protein that is coded by CTNNβ1 gene, which is linked to both increases in symptoms of depression and anxiety in clinical samples (53) . Of importance, we also report an increase in IL-2 gene expression, which is a primary anti-inflammatory cytokine and is important for regulating inflammatory cytokine activity including IL-1β, IL-6, and TNF. Therefore, an increase in the expression of the IL-2 gene in conjunction with other inflammatory regulators suggests that regulatory gene networks are altered following sleep restoration, and likely contribute to our previous finding of reductions in CRP following improved sleep (23) . Thus, these geneexpression findings together suggest that there is an alteration in the activity of the acute-phase response, which is responsible for the initiation of CRP production. Although we did not find that CRP significantly reduced in activity, our finding of reductions in the activity of these precursor genes that are more easily reduced in activity suggests that changes in CRP geneactivity may require more time to observe. Although our findings provide some key insights into the role of inflammation following sleep change, much less is known about the long-term impact of sleep disturbance on morbidity risks in military personnel and veterans.
We also report that TLRs, and specifically TLR4 gene expression is increased in the improved sleep group, and is also a key gene-network regulator of inflammatory activities. TLR4 recognizes pathogen-associated molecular patterns that are expressed by infectious agents, and mediate the production of cytokines necessary for the development of effective immunity, thereby regulating inflammatory cytokine activities following a stimulus. TLR4 has been linked to repeated hypoxia events in a pre-clinical model, suggesting that acute sleep deprivation may increase TLR activity (54) . Our findings of an increase in TLR4 following improved sleep in conjunction with reduced activities of inflammatory cytokines suggests that the activities of TLR4 are impacted, contributing to a restoration of inflammatory immune cell function. Since UBC is tightly related to TLR4 in our gene-network, it may be that the protein-interaction properties of UBC that results in lessened gene activity may contribute to this immune profile in gene expression. It may also be that different molecular regulation mechanisms, including DNA methylation or other gene-silencing processes, are occurring. Nonetheless, the presence of TLR4 in this sample suggests it aided in the reduction of inflammation, as well as interacting with other pathways within the improved sleep group. Our findings also implicated the protein UBC pathway in gene expression following improved sleep (Figure 2) . Protein UBC is required for the removal of oxidized or misfolded proteins that are a consequence of neuronal activity that occurs during waking hours; it also alters the location of the protein in the cell or prevents protein interactions. In pre-clinical models, substantial sleep deprivation results in an accumulation of these biproducts within neurons, and subsequent neuronal damage (55) . Accumulation of over-oxidized proteins is linked to cognitive impairments in insomnia patients (56) . Therefore, there is an important role for ubiquitin in sleep regulation, which has been recently described in pre-clinical models including Drosophila, linking a knockdown of the E3 ubiquitin ligase Cul3 to sleep disruption (57) . Reductions in the activity of E3 ubiquitin ligase Cul3 in neurons resulted in the insomniac phenotype (55) . In mice with a spontaneous deletion in the ubiquitin carboxylterminal hydrolase L1 gene, there was a lower number of orexin Aimmunoreactive neurons in the lateral hypothalamus and greater disruption in circadian rhythm compared to wild-type mice (58) . Thus, our findings, within the context of previous studies, suggest that UBC genes are key mediators of sleep-related gene-activity changes.
Our findings have clinical relevance, as previous studies report that insomnia tends to precede depression and PTSD and that treatment of sleep disturbances decreases disease severity (59). Table 6 , where a score above 20 is seen as more significant.
Second, because of the stigma associated with mental illness, military personnel are more likely to seek treatment for sleep disturbances than for PTSD (14) . Treatment for depression and PTSD symptoms results in substantial financial cost that may be mitigated by providing sleep interventions. In support of this, a comprehensive study undertaken by the RAND corporation estimates that treatment for either major depression or PTSD costs between $5,000 and $15,000 for each military personnel treated over 1 year (60) . Lastly, our finding that even short-term improvement in sleep has a significant impact on inflammatory gene-activity, as well as reductions in depression symptoms, suggests that early assessment and treatment for insomnia following deployment is warranted, especially in military personnel with mood declines. While our study has strengths, including a validated sleep measure, evaluation of comorbid symptoms, and a longitudinal design, there are some notable limitations. These include a relatively small sample of military personnel recruited from the same treatment facility. In addition, our sample primarily consisted of male participants and therefore cannot be generalized to women. Although we used validated questionnaires to determine PTSD and depression symptoms, these instruments did not provide a definitive clinical diagnosis. Lastly, other variations such as prescribed medications used by patients prior to the study and dose of treatment, including the number of treatment sessions attended and other interventional methods could have further impact on gene expression; however, the aim of this study is to focus on symptom and gene-expression changes, not to validate a standard of care treatment. In the future, a larger sample size and better estimate of treatment adherence and fidelity among participants are needed to confirm these findings. Our novel findings suggest improved sleep quality has a biological correlate as well as a correlation with psychological symptoms. Less is known regarding the long-term impact of sleep disturbance on morbidity risks in military personnel and veterans; however, our findings suggest that improving sleep quality reduces inflammatory risks and psychiatric symptom severity. Therefore, our findings provide fundamental insights related to the connections between sleep improvement and gene expression, including inflammatory gene-activity, which may be used to reduce morbidity risks in military personnel following deployment. Improving assessment and treatment of sleep disturbance in this at-risk group may provide a novel health promotion opportunity.
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